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(54) AUTOMATIC SETTING OF CONTROL LOOP GAIN 
(57) Abstract: 

PROBLEM TO BE SOLVED: To quickly perform reliable setting 
and/or tuning by allowing a control loop to calculate gain 
change quantity to be executed from the measurement value of 
the existing gain that is measured while a tuning signal is 
inputted. 

SOLUTION: In a control loop provided with a control 
amplifier CT and a controlled system RS, gain is 
automatically set with only one method step by using a gain 
setting means GA at the same time with when a tuning signal 
(d) is inputted to the control loop by using a tuning signal 
generating device G or after the signal is inputted. The 
input of the signal (d) is performed between an output of a 
controlled signal RS and an input of the amplifier CT. That 
is, a controlled variable (x) is supplied and the signal (d) 
is inputted to an addition point to which its output gives 
control difference xd. And, the existing gain coefficient is 
measured by using the means GA and the change quantity of 
gain to be executed is calculated. Next, the gain of the 
control loop is automatically set by using the value. 
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immcom] 

Ktjv^T. iRipfi# (d) i}<x:b^tii,mi.zmioy^ 
[it*54 ] nmm ( d > um)v-r(mmm. 

(x) KJlD;c.i5>n*itti-oT©lffll;l'-TtCA^J§<t 

imm 5 ] m^y^ sjfflui ( x ) cofimfi 

(Al ) tWmiT^d) (OWm (A2) cOffifcLT 

imme ] Si«aa^*^»jffli» ,< x > <Dwm. ( a 

2 ) T?gJJc?fl. SS«0K^*<i6iJffil|^^Vx d ) «Oig<itt 

(Al ) xm&^tih:Lti:WSLb'ri>tm^5^tm 
immmi] siffiifi (x) eo^ffl (Al ) ^mn 

( X d ) ff>W^m ( A 2 ) *5-?-it-FiX, «JS7 ^Jl'if^ V 

(tTtffliffls ( X ) axx/mmm ( x d > (om-^-cjeB^s 
imma ] y^ mimzm^htz^\zwst 

[11^59 ] umfu-rf>^(7)mmm^ ( d ) <oy-f >' 

tv^y^ yc^mLi:fktiz.tizj:'^xmmzm.&^ 

tihztii^ti-hm^nzimffiiim. 

[ 1 0 ] mm/i^y'^commm^ idx^y-t 

yidB^TtJiOdBt liS^rS y>f 
oy>f Sl«$^l/cy-f ycoRiaSrSt t . 1 d B i 
JtJiO dBi:{i:M'5:l>y'f >'Sr^t2>i i:tJ:-5-cei& 
mz^^^iii z b Sfi^t -ri>lf ^ i iz^nlj 

m. 

b mizm 1 <^y^ yij^m^^ti. *>om2 oup^t^ 
(d) ifix:f]^tii<7)bmmt.zm2(Dy-{ yi3<m^$ 



ti. i^isffi-f- ( d ) nmmibiim^j:hmmi.(r>y>f y 
i:m.-ti>^i^<^y^ y^&iM.ii'n-iii^ti. SLajs^it 
y^ y^mi^Lxy^ yt/^^m^izm^^tiiz. 
b ^rimb -thmas 1 tiBao^ra. 
[11*31 1 2 ] ppffi-^^fiM Lxmm)v-r<Dy^ 
yis«mizm^h^M.x'}t>r>x. 
-m)i^riizx:h^tii>nmm^ (d) i^-tim 
mm^^^(G)b. 

-nmrn-^- ( d ) i3ix:fj^tii>mi,z&t^y>( y^m^ 
-m&^titzsi^y^ yi)^ky^y^3sMt:n-&-tt 
-y^ yi:Wi&-thy^ (GA) m.i'Thti 

im^l 3] -ISISfi-^^Ji^S (G) 
ifi-C'3!l)?nrflg^:^Saa«:*t4lli@ii^ ( d ) 

y 4)V9X'hh z b ^^b-rhwam 1 2 cfea<^ 

[ifl:SJ« 1 4 ] lii^m-^ ( d ) a^Mi^iih^^m- 
<r)yA yi:m.-thm^mif. 

-mmy^n^^ <BPF1. BPF2)i:, 

-mimSL^W. {Ql . Q2) t. 

-&$.yA)V^ (LPFl, LPF2) fcSr^tfCli:?: 

i$at-rsit^i 2i=iett<o5^is. 
lit^ 1 5 ] m^^tifzWi^ny^ yt^hy^ y^ 

(Al ) tSOliU (xd) coJUifi (A2) «ffi<0^ 

^m^'fhrxi^y^X'ibh:Lb^^b-thmSLm 

2tciBi8<OSIS. 

I it«3a 16] y>f >'i^^a ( g a ) eoffl/i— 

lfi*3Bl2fc:IB»t^S. 
[0001 ] 

[00021 

<0^$r#SC:fc*i-rTH»^>ilTV^S (DE-A3 6 
3 58 5 9#BS) . Cifltrff^liJi. «(l«ft«OS*ifc®l 
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mm*). '^mfkmitcmm<r3tz»>\zmx'hh. a. 
nxy^'vrminfy-ttiitmiizminm. mm 

mmm&(^xmmLii ^x/mmmcom t m tx 

[0003] 

X'hhi,zi, i^ij h -rmix' %hm:&^i.x//itz\m 

[0 0 04] 

u-MzBf^^tifzmsnzx-ixmi^tih. ^nfii=5:^ 
H-fc J: x/mmti-fi' w-A izm^^ nx^-^i,. 
[0005] yimffuzm^ 
-$-^mzmm^mffm&tm-rz txhi. z(o^-^. 
wdm^j:mmmii. i rniom^t ^<^^izm<m.izx 
-oxWi&^tLh. mmmi:iS:im(,zi^m-i>:itiihii 

"^iHmt^il-r. ZC0Ztimmifii}^^j:*)-^jSLiz^j:hZ 

ymLij^m&^ti. mmzmmm^x:h^iii. mm 

■t&mmLizmL\,\ JE^=^mm.\itztui. mm 
/i^r(DmmmizMt t^tih . m&^titm^-y^ v 

mm^<r>^)Lm^m<':imi<rmx'hh. mmm.tmm 

Hiir^iffzmm&iiJir/mmmom^xm&^tih. ^ 
my-n\^:s^i:mtx. Mmm^tfi\immm^fp(> 
mmmmLim^^iih. if^izm^t^^^m^i:^ 
•titzMzm^zM^ti. imy 'iJi'^ir^tx. 

m.axx/mmmmizji^xmi^ti'^tbt^tih. 
zff)Xdiztztx.ii. mmmtmrnrnxm^^ivfimm 



fi-^ti, mm&.<r)wmtmm<m^mt ix^^^ti 
m-my^ ymLi:miyt. m^^tvtzy^ ymL<7) 

-I ycrrnimnimi. mmmmkcomrciimiSi^x 

xhh. zff)y^y\m^^<^^^y^yxhhffi 
X. zffinm^mM. i^tm^^Tn^^m^^xm^^ti 
hm.im[LxyAyi:^'ti,mskti}cj<x-^\m 

[0 00 6] u>L. mmm.mx/mm%:^Lxy 
y^m.-th±si.<nmmmfi\m:< . mm)v-r 
n<r)m)W^^^ Lxy^ y^m^hm^mm 
ffis-nifrr* t t^igt'fcs. zmi^. y^ y^ 

^hZtiiimxhh. tzhtli. A^St^^iJJ: 
W^mt. 5i-7-b-ybi*6dBtci:6*«, * 
3j-7-b-yb«. i3«$*t3ty'f i'fiSrSflif ■6Kfc:#« 

■t^i^Tj)*. z<7)fzib. mm)v-r<r)y>i yiuwfi 
[0007] fstfi^y-f y^gewsntc. y>f i'l^itt 

[0008] mmni^i/m^smsm^m^^x^^ 
m\xf^zmL<mm-h. 

[00091 

m^tix\^h. Bn±. ioco*ax-f-yr<o»T<oy 

k ^mm'>x7-M. Rstima mmju-nzax , 
mmm^±mmGi:^Lxmm)v--rizmmm^<i 
ti^?<ij^tL, mmm^iiifix:h^ixic^tn^iz. hh 
\^\tz<mmfixii^tvtzm^z. y^ywi^^^GA^ 

wi^^iih. mii^^Ltzwm^£m^Mx\i. mm 
m^AOix^M. wmmm^B.s<7)\i!,-)]hmmm^c 

m^^ti. ^<^]!^■)}ifimm&■x.At:^■jLi,tm!^1iz. n 
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#BL^rfWUf'3r^>^rV\ l^lll«#dSr$iJffli||xdi:ifc 

^^mAi:mmix. mmfu-rcomcoy^ ym 
mmM^ii. mm^^y^ yco^moi^ti. <x 
\>^xz<omt:i^ixmju-r<oy-f ytfi^wmizB. 
M^iii. HRK. y^ ytfiny^ ym\i. mm 
^tm^mcoitt txf^^ti>z ttfix'^ i . mmm 

tx-mm)u-r<oy^ ysrss-rs t a-rTt«^>n 

v^jt. LfiijfrfX, mmn^-y<^y-iyimw}iizmM 

ris^hnhtihm^xh^ . wmiy^ ym.^m-. 
wm)y^ymi^mftm'^\miL<\i. nmm^ 
difx-)}^ixtztt<^mm^<^mmx'hh. jm<oy 

)i^rizwmm^di!!X:fj$ivfzt %<r>y^ ym.^^ 

^^•iyji -^<r>t:ibizmax'3b h m^m^ d x-mmm 
^im&^tit . z<oi%^. m&m^t mm^x-m^ 
^tiimii, smeoy^ y^mm-t. m<ny^ y% 
m:0ihtt&\iiiftL<\t. y^ym^^^^GA\iz.m.» 
hivtz-^^iTirxii-^'y^i^LxmiSL^tih. 
t:,ixh^mmd\tiibm. -smsk^mm. -r^^h 
ga/p-rcoy^f y<^mim.m^m - d mt-sm. 
thmm.x'm^^ixtcn^mmxhi><r)X\ mmtV' 
-Txm&t^^ y^ y^X'ki. mF<oy^ yi^m 

#|gL=t»th.tf=5r'5><ti^. iibtiS. y^yiiWi^ 

nzii. mm}v-r<ny^y<,z. m^y^ymt^^ 
i3t-ffi<oRSt*iftts. Lfzifi^x. mm)v-r<r>y^ 
ymm.'mti^<ni}mxy''yr<r>?i-^:mLxm. 
^iih . y^yi t:Mi&ti>t:ib^zms&-t^mmji'- 
•T(r>y^ y<7j$3iimmLfi<^x\ mi t\m^j:i>y^ 
ymiB&i-izthT^i,, zitiii^iz. mmmmc. 
mm\^(oy>( ycommsimnnm^^x-hirci^iz 
■simz^j:i. mmmmma. imoaa^t-e-iomt 
m<ifnizX':>x^ibhhi,, m^miimimt^ 



[ 0 0 1 0 ] 0 1 iZTpLtzmMmX'ii. I§lil3^^d*< 

im-mx'i>ii,<^t{SM^tix\'^i. iosfl^TT- 
{i. mmm^d i:mi<7)m^t ixm.-rhzti3ix 
m/v-r(oy^y<r>mmmtfio-dBmbze^ 

mmmii^dx-hi>(^x\ i-:>m^ii^(o^i&. 
mtxm^^y^ ymai^iSL»it>Kh. 

tool 1] U>L. 02tc^t:t<J:3Ks m^m^t 

Lxm^tihnm^^d^m^m!,z^}f)hzti>Tii 

f- jlX- A C Tfc J:l^«iajS D E TT?eja$*I|, . 
y^ yWiM^Wt.GA\,zB}^h1xti'?^i^uru^y^ 

nmm^^iiiumiv-ri.zxii'rhm^i^^ 
h. znm^. nmmn^^m.G\iy^ yWi^^wcG 

3tt x.\fc Dru— \'^?t»iD vDrv— VTiSEfflSix 
hum)\^rx'\t. r^'f-iX-rj'ACTfeiif^ajss 

<^aiiSDET{4ji«. mmM^^^h, 

j^vji—s>\.m3sax:hi>ifi. i>tt^Pip^a^d<oy>f 

io<^:frffix-f>y7T-y>f y^ifiliWtc^^Si 

A*<, nmm^dtfixii^tihj^<^±mMmxrr^M 
x-m-m^im^h ztxhh.ms izn^Ltzmim 
\ttx'i.z. zm.^zm,<mm^mm.^f^m-tt • 
*^ mm^diitxi^^tihj^<r)'r<±Mm 

[0012] mm^i&^'izmthm L\^mmm 
mm^ d \,zm'^ ( ) ^m^^h^i z. t 

J4HS{cOtc^«.J:^{cSit!?§*iS. mA^Z7pl,fzm& 

m^m^tizmhWim^zTr^i. okz. igjsi2xfcj:ix 

SiJfflHlx d oM^i^ti^ii. ««7 ^l'^ B P F 1 . 
BPF2fc:jDi.<9n«.. '^iS7-(;l'^BPFl. BPF 

2\i^ti^ix. zsmncii. Q2(csf®g§n. zflis 
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LPF 2iizsm'^mmL<o^mm&i-h . m i ofi 

«7 ^ yPrJ' L P F 1 *»/i,<oaj^Jfi^A 1 1) J:lXm2 <Offi 
«7 /i^^' L P F 2 *>^,<oaJ:ft«^A 2 *<v>f ^ o rn 

<Ofi<ii:i(JtJ|I||xd<7)S«ic7)ffi{i, $iJfflI;P-r<7)filSF:<r) 
y-f >fflS:^fc-t. ; coffin yc<ilO«I;P-roK#oy 

tt»*<o - d Bmz^timmizmt^^iE&ti^^m 

mcViihcOT. HRtC. ^''fyiil dB^^tiiOdB 

mtx. mmi^r(r>m-<^y^y^z. «fj«*x<ojgii 

t$!l«l|xdOlg(i<0ffi<0Ra*«Slt4>nS<0T% i<0 

-rrt o$iiffii«)«s«c T»i»i L < (i . m^y-( y t 
ixm^^tihmffimnzWL^^^ixt-^fH-ry-f-^i: 

«1-'^§y'f:^«, *7t««iJI«*x<ojg«ii:«iJ(Bllxd 

[0013] ±Mi(omMii:^mz}jx. y^yib im 

«iJ«i«xcoSi|ii:S)Jffll||xdcoS<@<^ffifc:, Cicoffi 
[0014] *!l«H);U-7-e7)y^ ycOiijD*»<OfflT'ife 

fiEffl$#il.^if<i^d(i. ia;i'-7-oy>f 

ite*tfflfttil*«0- d Bi^fc3SI|-rSjg?SISmc7)iE?£» 
WJg^!fetltTt>J:^^. Cicoi©^. ^iS^^yP^^BPFl. 
BPF2i. ^2«{CJi5tT<ai*7-f/l':J'LPFl. LP 
F2S:C:cojg«S3S{zJEtT<»tft-f^#T'J)i.. iJcv^t'. 

3*l4^-W>-<0iiSD$:fiEffltT, y'f>'*<ffil$:fl-r«. 
*\ S>4V^J40-dBiKi;3£l|-tSJSS[a*^«*^4>n 



[ 0 0 1 5 ] 04 L/cS!l^fi^B£lcB|-t«.««&0 
ai:bfl^Al, A2*«mSfV|.. t-ti6«-3T, i!^^ 

aiSDETt:J:oT4-x*>^lS®Jffl«xi:, iPJ^igjHF 

cT<o±aii!i-c^'t**ijffliiixdi4»r<ji:. fAym^ 

#SGAt«J&$iX|.. y>f yg^^SGAJi^ififc 

SiT.6|nIP«-td*<«|ffli;i^rfcA:^]$ii, 

s^iis. iBiiiffi#4B^aGji»3iu<J4. s«nri8 
[ 0 0 1 6 ] @6i4. nw^%^^m.Q<7)mmm 

'7jH-ry>(-^c2<o±mmiznimii. s2<^^;h- 
7-5 -^-vc 2<oai:>3ttai««A 1 {c««l$*t. iraJWSA 

*-<OSI2<Ojl«[f8A2<0-*<OA:*3J4«l<^Jnift 

SA i<offi:>3t««S$ix. lg2<oiiiiJ«8A2<oHJ:^jJ4IR 
2ffiWJX9R2<r)X):^zW^^iXi. m2ff>WJX9 

R2{4, m3<o^;H-r7'f^C3tc«a$iut^i<o 
aj:J3S:*Us ®2«ovj;;?.^com2<oaJ:^i{4iB3<o^i'* 

X^R3\.Zim^tlh, m3<^\^'JX^R3<0\iii}ii-7 

;wf-r5'f-vc4ic««$n, v;wf-r7'f-\rC4coaj 

:»J<4?g3oaiI»»A3<0-*-<OA*t««g$tlS. Zil 
izMlX. aD»»A3C0fltefi-<OA*fcH4, ^®«X2 
S-rfrLt:^3<0v;H-T9-^'^C ScOtiiM^im^ii 
m^A3<otiiiJiimMA2(^l3(DMjtz1Stm 

^ii. im^A2bm2<owjx^R2ffmm<r>wsi^ 

r5>fA'toaj:']l4^»[Scfi-^FS-mL, J^SdBc^^F 

J4, v/l'^T7-f-^<?D>'N-7^-:J'&IS^.?.::kfcJ:r> 
[0 0 17]ffiffl$^ii.^J*7.f;l<:?J4ffiL<(4, M 

7 iz^ tfummx'h *) . ^ /i^^ ffiXii e b p f 

m 4 <?D R 4 ts J: If H 6 O v;H-r 7 ^ -V C 6 fc 
W^^tih. meco-7j\^ry-(-\rC6<oiiii}iim4n 
tm^A 4 izmm-^ti. tamsA a com<r>xfjiim7 
co-?ji^ry^-^com:hizw^^ti^ mTcoT/H-r^ 
-(^iim4<DU'jx^R4izim$tii,, m4<7)tim^ 
(Otii:fjti, m8<r)-7ji'^yy^->^C8i:-ffLxm5<ota 

n^A5ff)-ij<r>^jjizmm$tii. mscotm^As 
<Diii:fjli. ^my ^ /\^^(r>iii:hABPFimfli-ti>b^ 

iz. m5commiiA5coxi]i,zmm^iifzm9<7)-7f\^ 
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[ 0 0 1 8 J -f >''^';HS«7 ^/U^'O^itSriastcS^ 

'f^c 1 ox'm&^fL. mi oc7)v;kfr5>f^c i o 

r^-f-VC 1 1 J::frLTJl«:SA6«0m2OA:^J{=7 ^ 
r^-f A-C 1 2 S-^ tTflS«7 ^ /P^Ottl:>] AT P F Sr 

[0019] 09 *>-i>0 1 3 li, jilifi-fjeBitSrS^-ta 
L<{i. gB;l^7'<oy'fyo»eS<ffflft«Sl*«0-dB«i: 

[00211 01 O^MiHihi}^i>J:^iz. msiz^t 
Stt4. Z<OZtti^ S'Jfflllxdt$iJffllixc7)M:frfc:S 

Kdi!)-^mmm^dmmLi:mi-r&fc»){z^i&y -f 

[00 2 2l^«7^;P^'coa5^J«. 01 llz^Lt:m 

Ji^=5rSJ^, 01 lt=i^LJtfi-^<0fi[ffl(4. 
dizi^LX'^yh^iil. <):\>^x\ -rx-iz-mz^j-^x 
\>^mi nz^Lfzm^-m^tt. ^tnzx-^x. 0 

1 2iz^lt:idiz. ZMmm(Oiii:hx\ miz^^l 

T.mii tzjf;ifzm^mmL(r>2^(ommi^mt 
[00 23] 01 2i^it:m^(^^y'<ji^^ii. m 

«l*xOSi|it$lJfflI||xdc?5S(@KJtjCfi.01 3iZ^ 

ifcmmii^i:±&i-i>. z<^iioizm&^tit:mmm 

mii^d(mm)u-rnsm<oy-( yiznmth. uje 

x'm)v-rHzmm<^y^ ymmmzws^^ix 
h, 

[0024] ifwmt. mm^axmim^mm 
mtxvmjv-raym^y^ yifiw&^fvft. ±m<,z 

toy-f yi:m>htzih\,zmr^wi*j:m:tmmt\m-^j:hm 
i^i^sfR-rst^fi. Wkmm&^ixhy^ymi 
i,zmhmm^mm^j:^t: tLo^^x-hi. 



[01iiOjS*=5ri«B8] 

[01] y^ycomm^izmritmmx'Sii. 
[02] mmm^m&i:m-t&y-(y<r)^m:&izm 

[03 ] i6ij®;p-rffi-^a!ig^fi6fflf i.y'f ycosm. 
Mizmtimmx'hh. 
im]mmmmzmmmThi,. 
ms] mmmmzm&mimmmv&mTf) 
I, 

[06 ] J6tfi^4fi£SIS<0ro .y :5'0T*>S. 
[07] !^lS7^;P^cO7'U-y^'0T-J>S. 
[08] ««7^;W^'O7'O.y^'0T*)|.. 

[09] mmmm^<nmm/msy'^ 7t*> s , 

[010] fihi^^^n/cM^MSr^OmWJ^i^coS 

[011] ^my^fv^vyf^i:mnz. mii-kh^ti 

[012] ^1S7 U :^^i5 J:l^ZJI«ffl$:*>»t>t: 

j|^^jSd?cojB«i/i^H^^77-r-*>s. 

[013] ^1«7 'OV i^ 'J Z*«U1. «1S7 ^IV 

9 V y^^it-itf^timmmLcomi^ms^v yx-h 
h. 

CT mnmm 
Rs mmi^:^7-j* 

d nm^^ 

GA >-'>f>lft«#S 

X 

xd im^ 

DET «!ai«8 

ACT r^^s.y.-f 

BPFl. BPF2 ^JS7^;W^' 

QK Q2 ZHSfg 

LPFl, LPF2 «lS7-f;l'^' 

Al, A2 aj:*]ffi-f. SDffS 

Rl mK^V'xX^' 

CI mi<ov;i-f-7*5-<-\' 

C2 m2<^'7)v^r7^'^ 
R2 m2<^u>';^^ 

C3 i530'v;l-f-r7'f-\* 

R3 m3<7)^>''X^' 

C4 V/Pf-r^-f-V 

A3 ^3W3DS:S 

x2 ZlSSSg 

F mmm 

EBPF A:ft 

C6 m6«0V;l'f-7'7'f-\' 

A 4 mA<r>1l!m^ 
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R4 m4<0\^i^X^ 

A 5 msojoflcss 
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